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Abstract 
A reliable and safe operation of piping systems depends on the precision of parameter regulation of the conducting medium with 
a minimum energy expenditure. The authors analyzed the use of gate and wedge shut-off valves by operating organizations in the 
mode of regulation of parameters of working media. The unintended use of pipe fittings causes its rapid failure. The authors have 
developed, manufactured and tested shut-off and regulating devices that have broad capabilities in the implementation of the 
throughput characteristics and requiring to control a drive of a smaller capacity. When the device opens or closes the opening in 
the gate, a closed controlled valve acts as a bypass, as in the flow of a working medium through an orifice the pressure is aligned 
in the inlet and outlet nozzles. After pressure equalization (reducing pressure drop), the gate is unloaded and its lifting and 
lowering require less power, while for the shut-off and regulating device with the electric drive, the latter step requires with lower 
power consumption. On the basis of the energy created by slide gate valves saving shut-off and regulating device with a wide 
implementation in the throughput characteristics, methods of its calculation and experimental research and rational parameters 
are defined. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICIE 2016. 
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1. Introduction 
The majority of scientific research devoted to the process of regulating the flow of the conducting medium, aimed 
at improving the accuracy of controlling the flow of the conducting medium, the increase of service life of pipe 
fittings and reduce consumption of energy. The main advantages of the currently used locking slide and wedge gate 
valves – small resistance when fully open passage. 
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2. The relevance 
The use of shut-off valves to control flow of the working media, not on purpose, does not provide the required 
control accuracy and leads to the destruction of parts of shutter. The problems of establishing the regularities of 
interaction of the conducting medium with a gate node for the purpose of determination of rational values of design 
parameters of the regulating device for in-creasing the accuracy of regulation of the service environment, prevent 
damage to parts in the entire stroke range of the regulating element and reduction of drive power are relevant. 
3. Statement of the problem 
On the basis of slide valves to create an energy saving shut-off and regulating device, which has broad 
capabilities in the implementation of the bandwidth characteristics, to develop methods of its calculation and 
experimental studies to determine the rational parameters. 
4. The theoretical part 
In the process of solving the tasks performed by the authors analysis of studies of cavitation processes [1-7], 
methods for determining the cavitation characteristics of pipeline valves [8-12]. Developed samples of pipe fittings 
with improved characteristics [13-17]. Performed calculation and experimental studies [18-21]. Production tests 
showed increasing the service life significantly [22]. Developed the design documentation and manufactured a 
prototype regulation device DN 150 PN 160 in accordance with the requirements of [23-27]. In accordance with 
GOST R 55508-2013 [8] defined the hydraulic characteristics of shut-off and regulating device DN50 PN160 in the 
laboratory of OOO NPF «MKT-ASDM». 
Based on the Bernoulli equation the proposed method of calculation of hydraulic characteristics, including 
throughput performance, slide gate valves [18-21], the results of calculations are confirmed by experiment. The 
developed method of calculation of force on a rod of the proposed regulating device. 
4.1. The proposed shut-off and regulating device 
Based on the review and preliminary calculations is proposed shut-off and regulating device [1]. The invention 
relates to mechanical engineering, namely to the valve engineering, and can be used both as shut-off and as in 
regulating de-vice in technological pipelines for various purposes. The technical problem solved by the present 
invention is to improve the reliability of the device and reducing a driving power of pipe fittings. 
In Fig. 1 shows a section shut-off and regulating device in the closed position of the slide gate and the damper; 
Fig. 2 a section along A-A in figure 1. Locking and regulating device comprises housing 1 with inlet 2 and outlet 
channel 3, in which the seat of valve 4, cooperating with the slide gate 5 in the recess 6 with the valve 7 connected 
to a control spindle 8. The valve 7 has a through hole 9, which coincides with the opening of the shut-off and 
regulating device with a through hole 10 in the plate 11 and through hole 12 in the slide gate 5. 
The gate 5 is on one side or two sides provided with channels 13 in which the clamps 14 are installed, which 
interact with the recesses 15 made in the valve 7 and with notches 16 made on the guide surfaces for the slide gate 5 
in the housing 1. The valve 7 is connected with a control actuator (not shown) of the spindle 8. 
4.2. Work shut-off and regulating device in regulating mode 
When lifting valve 7 with the aid of a spindle 8, the upper edge of the passage opening 9 is aligned with the lower 
edge of the passage opening 10 of the plate 11 and the holes 12 of the gate 5. Upon further movement of the valve 7 
between the edge of the through hole is formed and begins flowing conducting medium. The differential pressure 
between the inlet 2 and an outlet 3 decreases. Depending on the shape of the through holes 9, 10 and 12 can be 
obtained any flow characteristic of the flow control environment across the stroke range of the valve 7. After a 
complete matching through holes 9, 10 and 12 with a further rise of the rod together with the valve 7 begins to move 
the gate 5, the entrance opening of the channel of the housing 1, connecting the inlet 2 and the outlet 3, until the 
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complete opening of the flow channel. By changing the shape of the flow channel in the valve seat 4 can be obtained 
any throughput characteristics in the entire stroke range of move the gate 5. 
 
Fig. 1. The device is shut-off and regulating 
When the device functions to open or close the opening in the gate, closed controlled valve acts as a bypass, as in 
the flow of a working media through an orifice the pressure is aligned in the inlet and outlet nozzles. After pressure 
equalization (reducing pressure drop), the gate and unloaded to lift and to lower, requiring less power. In the 
performance of shut-off and regulating device with electric drive, the last one will need with a lower power 
consumption. That is, the entire device can be described as energy saving. 
 
Fig. 2. The hole in the slide gate closed valve 
4.3. Force analysis of shut-off and regulating devices 
The area of flow section of the valve FN, m2 
,4/2DNFN  S   (1) 
where DN – nominal diameter, m.  
The size of the valve seat Ss, m2: 
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,4/2ss DS  S   (2) 
where Ds – diameter of the valve seat, m.  
The estimated diameter of the valve seat Dsr, m, [25]: 
,2/)( 2DDD ssr    (3) 
where D2 – outer diameter of the valve seat, m.  
The calculated area of the valve seat Ssr, m2: 
.4/2srsr DS  S   (4) 
The size of the holes in the gate valve Sb, m2: 
( ),bS a b    (5) 
where a and b – width and height of the holes in the gate, m. 
The gate starts opening at fully open damper. The pressure drop across the valve ǻP, Pa, due to the size of the 
holes in the gate valve Sb, m2, and the pipe flow Q, m3/s: 
222 2/ bSQP  ' PU   (6) 
where U  – density of the conducting medium, kg/m3; ȝ – coefficient of discharge openings in the gate. 
Force to move the gate in the absence of the hole in the gate FH, N: 
,1 fSPF srH '   (7) 
where ǻP1 – pressure drop across the valve at the closed gate, Pa, 
        f – coefficient of friction of the gate on the valve seat. 
Force to move the valve gate in a fully open damper Fh, N: 
.h srF P S f'     (8) 
Force on the movement of the damper Fz, N: 
1 ,z brF P S f'     (9) 
where ǻP1 – pressure drop across the valve at the closed gate, Pa. 
Made prototype shut-off and regulating device DN150, in which the ratio of the calculated squares of the valve 
saddle, the formula (3), and the hole is 7,92. At a pressure of 25,0 MPa force pressing the gate against the seat valve 
is equal to 379,2 kN force pressing the gate to the damper is 47,85 kN. The same ratio between the forces on the 
moving gate in the absence of the hole in the gate and the damper of the formula (7) and (9). Torque rod serial 
valves in the absence of holes in the gate is 200-250 Nm. Force, ejector rod, helps to open the valve and gate and 
prevents them from closing, so the experimental value of torque at the damper opening was 16,0 Nm, at the close of 
85,0 Nm. When a damper is completely opened and the flow 74,63 m3/h pressure drop on the valve was 237,3 kPa 
(in accordance with formula 6), the torque during opening of the gate of 19,7 Nm, while the gate closure of 
22,5 Nm. The rod diameter 30,0 mm for shut-off and regulating the serial device from the valve, the diameter need 
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be reduced. When reducing the diameter of the rod reduced closing torque of the valve and increase the opening. At 
equal values of the torques on the movement of the slide gate and the damper can be set at minimal power. 
For gate valves DN 150 to rationally choose the area of the hole 0,00125 m2. Choosing a rectangular hole, we get 
a linear throughput characteristic and a smaller stroke of the damper compared to a round hole. To reduce the stroke 
required by the damper, the width of the hole needs to be increased; the width of the hole is limited by the design of 
the valve. For gate valves DN 150 to rationally choose the width of the openings in the slide valve 50 mm, height 25 
mm. Flow characteristic calculation and the actual of the proposed shut-off and regulating devices with a nominal 
diameter DN = 150 mm is shown in Fig. 3. 
 
Fig. 3. The performance shutoff and regulating device of the calculated and actual, obtained by the method of GOST R 55508-2013 
In the range from 8,0 to 33,0 mm characteristics linear, due to the rectangular opening in the gate width 50 mm 
and height 25 mm. In the range of 33,0 to 47,0 mm movement of the damper has no regulatory impact on the 
environment which may be a disadvantage of the design of the damper actuator and slide gate. The drive provides 
the beginning of the movement of the gate after the full opening of the openings in the gate and lock the damper 
relative to the slide gate. Then begins throttling the conducting medium be-tween the valve seat and the gate. In the 
range of from 47,0 mm to full open flow characteristics due to the diameter of the valve seat 125,0 mm and a shape 
of the lower edge of the gate. By changing the shape of the hole in the valve seat, rectangle, triangle, etc., it is 
possible to change the throughput characteristics in the entire range of the gate. Further research will be con-ducted 
taking into account the recommendations [1, 4, 24-28]. 
5. Conclusions  
1. On the basis of slide gate valves created energy-saving shut-off and regulating device, with wide 
implementation in the throughput characteristics, methods of its calculation and experimental research, rational 
parameters de-fined.  
2. Rational ratio of the area of the seat valve to the area of the passage opening in the gate is 6-10 times. The 
force on the rod, the torque and drive power are reduced in comparison with the serial valve is in 3-5 times. The re-
sults of calculations are confirmed by experiment. 
3. The proposed shut-off and regulating device can be used both as shut-off and regulating devices in 
technological pipelines for various purposes. The technical problem solved by the present device is to increase the 
accuracy of regulation of the service environment and reducing the capacity of the drive pipe fittings. 
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